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Abstract
The goal of this study is to determine the minimum spatial
sampling resolution required to accurately detect microscopic
targets within a sample using Raman spectroscopy. The
resolution depends on the light scattering properties of the
material. We use Monte Carlo simulations to study how
measurement geometry and optical properties of a sample
affect the Raman signal detected from an embedded target. We
confirm these results using polystyrene beads embedded in
artificial tissue phantoms.

Monte Carlo Simulations

Random Walk
This Monte Carlo program is used to
simulate random walk. It takes a
random distance and angle and sends
a ‘photon’ along that path. It repeats
over and over again until the photon
has been absorbed, hits the target, or
leaves the medium. To simulate a
Raman laser, this process repeats for
millions of photons.

Raman spectroscopy
can identify microscopic
targets, but the process
is too slow for practical
use. This process can be
sped by taking fewer
measurements. We wish
to optimize the amount
of time a scan will take
without sacrificing
accuracy.

Experimental Confirmation
Our phantoms (made from agarose gel)
mimic properties of human tissue. By
varying the lipid amount in the phantoms,
we control the scattering coefficient 𝜇s.
By representing a tumor cell with a
plastic bead in the phantom, we measure
how the Raman signal decreases as our
location moves further from the bead.

The top plot varys the scattering coefficient (µS) while target is in a fixed
place. The blue measures the intensity directly above the target, while
orange measures while the target is displaced 20μm.The bottom plots vary
the target’s position laterally from the Raman laser beginning from the
center of the target. They maintain different constant scattering coefficients.

https://mars.nasa.gov/mars2020/spacecraft/instruments/

Virtual photons are sent through the medium and the number of
photons which reach a target within the sample are counted. The
current version assumes symmetry in the photons inward and
return trajectories. We then plot intensity vs. scattering coefficient or
intensity vs. distance. The program has the flexibility to change
several factors such as: anisotropy, target size and position, sample
size, scattering and absorption coefficients and number of photons,.

Summary
● Some scattering might actually be helpful in making targets more detectable at distance.
● Too much scattering can obscure light from reaching the target or the detector.
● This will guide researchers in selecting appropriate spatial resolution to find microscopic targets
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